Introduction {#S1}
============

The retrieval of memories previously associated with a drug of abuse may increase the risk of relapse, even several years after abstinence ([@B1]). Similarly, memories associated to a traumatic event may cause an emotional disorder such as the post-traumatic stress disorder (PTSD). Recent neuroscience research has shown that memory retrieval induces a transient state during which memories are reactivated and then updated, modified, or even deleted ([@B2]). This transient process is called reconsolidation ([@B3]). Although the therapeutic potential of the manipulation of reconsolidation was raised only recently, the possibility to modify reactivated memories is somehow already applied in clinical interventions for substance use disorders (SUD) and PTSD.

Besides the forward translation from basic research to the clinic, there is now the opportunity to apply a "reverse engineering" approach from the complexity of the clinical setting to the underlying processes and mechanisms ([@B4]). This approach may make possible to better understand the efficacy of current clinical interventions by offering a conceptual framework for enabling potential implementation.

In this paper, we summarize the pre-clinical research evidence on the reconsolidation of emotional and appetitive memories. Then, we describe those human laboratory studies that demonstrated the possibility to interfere with memory reconsolidation. We also describe current clinical interventions for SUD and PTSD that act on memory processes and, finally, we report about on-going therapeutic experiences.

Memory Retrieval and Reconsolidation {#S2}
====================================

Until recently, it was believed that memory, after being stored, is stable forever. However, we now know that memories can be retrieved to strengthen, add, or remove information, and then updated through a process called reconsolidation ([@B5], [@B6]). Research both in humans and animals has revealed the specific mechanisms underlying reconsolidation. It has been shown that retrieval of specific information corresponds to the activation of molecular cascades at the level of neurons, in particular *N*-methyl-[d]{.smallcaps}-aspartate glutamate receptor (NMDARs) and β-adrenergic receptor leading to activation of signaling pathways and phosphorylation of transcription factors ([@B7]). When the mechanism is activated, it is vulnerable to being inhibited or altered by other concomitant information. The result is maintenance, disruption, or update of the retrieved information. The ability to retrieve and change some memories could be the basis for the intervention for disorders based on maladaptive memories, such as PTSD and SUD: new and safe information could be integrated into the initial memory trace so to modifying it.

In fact, associative learning and memory play a central role both in SUD and PTSD. The rewarding effects of drugs are associated with several stimuli: psychological states, people, objects, places, etc. As drug use progresses, it develops an association between these stimuli and drug effect. Even after years of abstinence, the retrieval of this associative memory may exert cue reactivity, that is psychological, physiological, and behavioral responses that may trigger relapse ([@B8]). One important diagnostic cluster of PTSD is re-experiencing the traumatic event as distressing memories and flashbacks triggered by reminders, including external cues ([@B9]).

"Learning to Forget": Post-Retrieval Extinction of Memory {#S3}
=========================================================

Extinction is traditionally referred as the repeated exposure to conditioned stimuli in the absence of unconditioned stimuli. This unreinforced presentation of conditioned stimuli leads to the extinction of conditioned response. Extinction is not the forgetting of the original association, but it is new information about the association between the conditioned stimuli and the unconditioned stimulus. Some studies showed that an extinction therapy provided after the retrieval of a memory previously acquired in the laboratory alters the original memory ([@B10]). When memories are retrieved via a short exposure to stimuli associated to the traumatic event or to drug use, they enter into a vulnerable stage that lasts from 1 to 6 h after the retrieval. During this window of lability, the extinction (defined as post-retrieval-extinction) may be applied. Some pre-clinical studies both in animals ([@B11], [@B12]) and humans ([@B12]--[@B15]) have shown that the post-retrieval-extinction prevented relapse induced by stimuli previously associated with trauma or drugs \[but for critical issues and limitations, see Ref. ([@B16]--[@B20])\]. These data suggested that extinction applied during the labile phase of memories interfere with the reconsolidation of original trauma or drug memories. It was seen that this type of manipulation interfered selectively with the memories that have been retrieved and did not alter other mnemonic traces. The effect of post-retrieval-extinction was specific on the process of reconsolidation. In fact, the therapy was ineffective when administered more than 6 h after the retrieval, when the memories are already reconsolidated and lability window is closed, or in the absence of retrieval manipulation \[for a review, see Ref. ([@B10])\]. A study in a laboratory model of PTSD in human beings revealed that the effect of post-retrieval-extinction is long-lasting: there was no recovery on the original traumatic memory 1 year after the administration of the post-retrieval-extinction ([@B14]). A study on hospitalized heroin ex-addicts demonstrated the effectiveness of post-retrieval-extinction also on memories associated with drugs of abuse ([@B12]).

Memory Manipulation in the Clinical Intervention for SUD and PTSD {#S4}
=================================================================

Although several authors have recently suggested the manipulation of reconsolidation as a novel potential target for the treatment of PTSD or SUD, it should be noted that in clinical practice, there are already approaches that are based on memory retrieval of traumatic events or of drug-related events. It is therefore likely that the manipulation of the pathological memories via modulation of retrieval/reconsolidation processes is already a component of some clinical interventions. Recently, Gorman and Roose ([@B21]) speculated that "*the modification of old memories reactivated by adding new elements of understanding, resulting in obtaining a version less pathogenic is a crucial part of what happens in the psychoanalytic process*." They recognized that "*important similarities between the ability to extinguish a memory of fear in the laboratory through blockade of reconsolidation and the specific situation of psychoanalytic psychotherapy, in which the material removed is reactivated through the transference, reworked consciously and therefore subject to repression and new relegated the unconscious*."

Other therapeutic approaches could be re-interpreted as an application of the post-retrieval-extinction. The "Prolonged Exposure Therapy" is an approach to PTSD based on the reactivation of trauma memory that has been validated in several studies ([@B22]). This approach was tested in a comorbid PTSD/SUD patient population with a randomized trial in which a group received only the usual treatment for SUD, while the other group received a concomitant treatment of trauma exposure. The latter group showed an improvement in PTSD symptoms, but not differences in the severity of SUD. The Authors suggested the possibility of applying the therapy of trauma exposure in subjects with SUD without the risk of worsening the dependence ([@B23]).

The "desensitization eye movement and reprocessing" (EMDR) is a therapeutic practice for the treatment of PTSD firstly proposed by Shapiro ([@B24]). This approach combines the retrieval of traumatic memories with saccadic eye movements and other forms of bilateral stimuli, for example, auditory or tactile. The effectiveness of EMDR is explained as the result of inserting new information in the traumatic memory. Controlled studies have shown that saccadic eye movements reduced the emotional swings and increased attention and ability to reactivate the episodic memory. EMDR may work by changing dysfunctional stored information to a more adaptive way. This approach is an intervention for PTSD that is based on modification of retrieved memory and could be applied as a set of standardized procedures and protocols in a reproducible setting. Based on these results, Shapiro proposed a protocol ([@B25]) in which both traumatic memories and components specifically related to addictive behavior were retrieved. Hase et al. ([@B26]) reported the application of EMDR in hospitalized alcoholics with a study on randomized vs. control groups treated with traditional interventions. The craving for alcohol significantly decreased in the group treated with EMDR more than in the control group, both during the intervention and at 1 month later. Noteworthy, only the memory associated to alcohol, and not to traumatic memories, was actively recalled in the study. Authors concluded that remodeling of alcohol memory could occur independently from that of traumatic memories, even in patients with comorbid PTSD/alcoholism.

It has been recently proposed the potential usefulness of applying the therapeutic interventions for PTSD to addiction ([@B27]--[@B29]). This approach is based on two assumptions: (1) some of those with type I dependence appears to have a history of traumatic events, with a use of substance as an attempted PTSD self-treatment; (2) alcohol and drugs induce a traumatic-like situation, i.e., as a separation between emotional and cognitive functions.

We have applied this type of model in the residential program "Villa Soranzo," Italy ([@B30]). This type of approach unlocks traumatic memories using EMDR, emotional approaches, body-work, art-therapy, and other non-verbal techniques, in small specific therapeutic trauma groups (8--12 patients) within the traditional interventions for addiction, such as relapse prevention and anti-craving pharmacotherapy ([@B30]). The cognitive processing is immediately afterward mainly duty of the individual therapeutic sessions. In this "Soranzo model," unlike Mills et al. ([@B23]), the memory of the substance use experiences and of their emotional associations is considered an integral part of PTSD intervention. This program has been applied to both subjects with SUD only, particularly alcohol and cocaine, and in patients with comorbid PTSD/SUD.

The results, based on our clinical experience and follow-up at 6, 12, and 18 months, showed greater compliance to therapeutic program and to instructions for aftercare, a lower number of relapses and lapses, and a more complete elaboration by the patient of the issues underlying the addiction, particularly traumatic events ([@B30]). For patients with a comorbid PTSD, we also observed the reduction of specific symptoms.

The Perspective of "Reverse Engineering" {#S5}
========================================

An intervention based on retrieval/reconsolidation may have greater effectiveness, especially as far as inter-individual variability and risk of relapse are concerned, compared to existing approaches. It could be the first prototypic example of a treatment that addresses the pathogenic mechanisms of addiction allocated in the memory of the patient. A treatment of this type should include a retrieval phase in which each patient retrieve specific individual memories associated to both drug and traumatic experiences, context, or discrete cues ([@B12], [@B31], [@B32]). During the following phase of reconsolidation, within 1 to 6 h, memories could be associated with new non-drug-related information. This type of treatment should be given: (i) when the patient is able to feel his/her emotions and craving and (ii) in a condition that does not allow the patient to relapse (e.g., inpatient). The first point is much less obvious than it seems: most of the patients do not show craving and do not feel emotions if they are currently using the drug to which they are addicted. Those patients who experience craving even if they are not abstinent tend to seek for the drug, eventually resulting in drug-taking. In order to apply the retrieval/reconsolidation treatment, it is therefore necessary that patients must be abstinent for at least a week. Regarding the second point, we suggest to perform this type of treatment in a residential setting, as actually happened in the trials reported above.

The proposed model for comorbid PTSD/SUD in which the common element is the memory, could provide a new epistemological model useful for the understanding of other psychiatric conditions. It opens up a horizon by unthinkable developments: a new psychotherapy based on neuroscientific findings as a "common core" of psychopathology and diagnostic classification.

Author Contributions {#S6}
====================

All Authors contributed to and have approved the final manuscript.

Conflict of Interest Statement {#S7}
==============================

Cristiano Chiamulera received grants and has consulted for Italian Cancer League (LILT), acted as a board member for Intermeeting SNC provider, and received teaching honoraria from Co.Ge.S. Società Cooperativa Sociale. Ina Hinnenthal, Alessia Auber, and Mauro Cibin received teaching honoraria from Co.Ge.S Società Cooperativa Sociale.

The Authors would like to thank Giampietro Spolaor and Angelo Benvegnù for their expert advice.

[^1]: Edited by: Marco Diana, University of Sassari, Italy

[^2]: Reviewed by: Diana Martinez, Columbia University, USA

[^3]: ^†^Present address: Alessia Auber, Translational Pharmacology, Drug Design and Discovery, Aptuit, Centre of Drug Discovery & Development, Verona, Italy

[^4]: This article was submitted to Addictive Disorders and Behavioral Dyscontrol, a section of the journal Frontiers in Psychiatry.
